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$G$ 2 involution $H=G^{\sigma},$ $L=G^{\tau}$ \mbox{\boldmath $\sigma$}, $\tau$
$G$ $H\backslash G/L$
(1) (2) $GL(p, F)xGL(n-$
$p,$ $F$ ) $\backslash GL(n, F)/GL$ ( $r$, IF) $xGL(n-r, F)$ ($F$ ) (3)
1
$G$ real reductive 3
$H\backslash G/L$
(a) $G$ compact $\sigma$ $\tau$ ([3]).
(b) $\sigma,$ $\tau$ Cartan involution ([2]).
(c) $\sigma=\tau$ ([13]).
1 (a) (b) compact (b) (c)
noncompact type Cartan
(b) $\sigma$ $\tau$ \langle $([1],[7])$ $(a)$ (b) $B=\{g\in G|$
$\sigma(g)=\tau(g)=g^{-1}\}$ $A$
((a) $\sigma$ $\tau$ ) (b)
$A/Warrow H\backslash G/L$
$W=N_{H\cap L}(A)/Z_{H\cap L}(A),$ $N_{*}(A),$ $Z_{*}(A)$ $A$ $*$
(c) $\varphi$ : $grightarrow g\sigma(g)^{-1}$
$G/H\cong\varphi(G)$
$H\backslash G/H\cong$ { $\varphi(G)$ $H$- }
1 $g\in\varphi(G),$ $g=su$ $g$ Jordan $s,$ $u\in\varphi(G)$
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$G,$ $H$ $\mathfrak{g},$ $\mathfrak{h}$
$q=\{X\in g|\sigma(X)=-X\}$
$(\mathfrak{g}=\mathfrak{h}\oplus q)$ $q$ $q$ Cartan subspace
$\{a_{i}|i\in I\}$ $q$ Cartan subspace $H$- 1
$A_{i}=Z_{\varphi(G)}(\alpha_{1})$
$q,$ $\varphi(G)$ $q_{ss},$ $\varphi(G)_{ss}$




$q$ $q_{nilp^{\text{ }}}\varphi(G)$ $\varphi(G)_{unip}$
$exp:q_{n}:\iota_{P}arrow\varphi(G)_{un}$ :
$q_{nilp}$ H- ( singularity ) $[5],[10],[11],[12]$,
$[15],[16]$
$G=G_{1}xG_{1},$ $\sigma(x, y)=(y, x)$ for $x,$ $y\in G_{1}$ $H=\{(x, x)|x\in G_{1}\}$
$(x, y)arrow\rangle$ $xy^{-1}$ $G/H\cong G_{1}$ $H\backslash G/H$ $G_{1}$
(a), (b), (c) $H\backslash G/L$
[9] $G,$ $H,$ $L$ $H\backslash G/L$
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GH $L$ $F$
(1) $GL(n, F)$ $GL(p,F)xGL(q, F)$ $GL(r, F)xGL(s, F)$ any field
(2) $GL(n, \oplus)$ $O(n, \mathbb{C})$ $O(n, \mathbb{C})$
$GL(n, ffl)$ $O^{*}(2n)$ $O^{*}(2n)$
$GL(2m, F)$ $Sp(m, F)$ $Sp(m, F)$ $\mathbb{R},$ $\mathbb{C}$
$GL(n, F)$ $U(p, q;F)$ $U(r, s;F)$ $\mathbb{R},$ $\mathbb{C}$ , IH
(3) $GL(n, \oplus)$ $GL(p, \mathbb{C})xGL(q, \mathbb{C})$ $O(n, \mathbb{C})$
$GL(n, H)$ $GL(p, \mathbb{I}I)xGL(q, ffl)$ $O^{*}(2n)$
$GL(2m, F)$ $GL(p, F)xGL(q, F)$ $Sp(m, F)$ $\mathbb{R},$ $\mathbb{C}$
$GL(n, F)$ $GL(p, F)xGL(q, F)$ $U(r, s;F)$ IR, $\mathbb{C}$ , $[$
(4) $O(n, \mathbb{C})$ $O(p, \mathbb{C})xO(q, \mathbb{C})$ $O(r, \oplus).xO(s, \oplus)$
$O^{*}(2n)$ $O^{*}(2p)xO^{*}(2q)$ $O^{*}(2r)xO^{*}(2s)$
$Sp(m, F)$ $Sp(p’, F)xSp(q’, F)$ $Sp(r’, F)xSp(s’, F)$ $\mathbb{R},$ $\mathbb{C}$
$U(n_{1}, n_{2};F)$ $U(p_{1},p_{2};F)xU(q_{1}, q_{2};F)$ $U(r_{1}, r_{2};F)xU(s_{1}, s_{2};F)$ $\mathbb{R},$ $\mathbb{C}$ , IH
$n=p+q=r+s,$ $m=n/2,$ $m=p’+q’=r’+s’,$ $n_{1}=p_{1}+q_{1}=r_{1}+s_{1}$ and
$n_{2}=p_{2}+q_{2}=r_{2}+s_{2}$ ( (2) 3 $H=L$ [13]
[9] )
2 ($c$ [9] Section 2.2) $H\backslash G/L$ Lie $(H)\cap G$ H-
1 1
$O(p, q)\backslash GL(2m, \mathbb{R})/Sp(m, \mathbb{R})$ $(p+q=2m)$
$O(2m, \oplus)\backslash GL(2m, \oplus)/Sp(m, \oplus)$
$Sp(p, q)\backslash GL(n, H)/O^{*}(2n)$ $(p+q=n)$
2 $GL(p,F)\cross GL(n-p,F)\backslash GL(n,F)/GL(r,F)\cross GL(n-r,F)$
$F$ ( ) $G=GL(n, F)$ $H$ $L$
$H=\{(\begin{array}{ll}P 00 Q\end{array})|P\in GL(p, F),$ $Q\in GL(q, F)\}$ ,
$L=\{(\begin{array}{ll}R 00 S\end{array})|R\in GL(r, F),$ $S\in GL(s, F)\}$
$(n=p+q=r+s)$
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3 $F$ $\neq 2$ $G$ involution $\sigma$ : $grightarrow I_{p,q}gI_{p,q}$ $\tau$ : $g\mapsto I_{r,s}gI_{r,s}$
$H=G^{\sigma}$ $L=G^{r}$
$I_{p,q}=(\begin{array}{ll}I_{p} 00 -I_{q}\end{array})$ , $I_{r,s}=(\begin{array}{ll}I_{r} 00 -I_{s}\end{array})$ .
2 $G$ H-L
$g=(\begin{array}{ll}A BC D\end{array})$
$P$ x $r$ $A,$ $pxs$ $B,$ $q$ x $r$ $C$ $qxs$ $D$
$A=(\begin{array}{llll}A(1) 0 \ddots 0 A(k)_{-} I_{n_{r}}\end{array}),$ $B=(\begin{array}{llll}B(1) 0 \ddots 0 B(k) I_{n_{r}}\end{array})$ ,
$C=(\begin{array}{llll}C(1) 0 \ddots 0 C(k) I_{n_{r}}\end{array}),$ $D=(\begin{array}{lllll}D(1) 0 \ddots 0 D(k) D_{reg}\end{array})$
$D_{reg}t$ $D_{reg}-I_{n_{r}}\in GL(n_{r}, F)$ $GL(n_{r}, F)$ $(A(j), B(j),$ $C(j),$ $D(j))$
8 1 ( $\ell$ )
pe $A(j)$ $B(j)$ $C(j)$ $D(j)$
$ad\cdots da$ $I_{\ell}$ $N_{\ell,\ell-1}$ $N_{\ell-1,\ell}$ $I_{\ell-1}$
$da\cdots ad$ $I_{l-1}$ $N_{\ell-1,\ell}$ $N_{\ell,p-1}$ $I_{\ell}$
$ad\cdots ad$ $I_{\ell}$ $N_{\ell}$ $I_{t}$ $I_{\ell}$
$da\cdots da$ $I_{\ell}$ $I_{\ell}$ $N_{\ell}$ $I_{l}$
$bc\cdots cb$ $N_{\ell,\ell-1}$ $I_{1}$ $I_{\ell-1}$ $N_{\ell-1,l}$
$cb\cdots bc$ $N_{l-1,\ell}$ $I_{l-1}$ $I_{\ell}$ $N_{\ell,\ell-1}$
$bc\cdots bc$ $N_{l}$ $I_{\ell}$ $I_{\ell}$ $I_{\ell}$
$cb\cdots cb$ $I_{\ell}$ $I_{l}$ $I_{\ell}$ $N_{\ell}$
( $N_{t},$ $Npp-1,$ $N_{l-1,\ell}$ $lx\ell,$ $\ell x(\ell-1),$ $(P-1)x$
( $010^{\cdot}$ . $100$ ), $(\begin{array}{lll}0 01 0 \ddots 0 1\end{array})$ , $(\begin{array}{llll}1 0 0 \ddots \vdots 0 1 0\end{array})$ )
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. $G=GL(n, F)$ $n$ $F-$ $F^{n}$
$F^{n}=V^{+}\oplus V^{-}=W^{+}\oplus W^{-}$
$V^{+}$ $=$ $e_{1}F\oplus\cdots\oplus e_{p}F$ ,
$V^{-}$ $=$ $e_{p+1}F\oplus\cdots\oplus e_{n}F$ ,
$W^{+}$ $=$ $e_{1}F\oplus\cdots\oplus e_{r}F$ ,




$H=$ {$g\in G|gV^{+}=V^{+}$ and $gV^{-}=V^{-}$ },
$L=$ {$g\in G|gW^{+}=W^{+}$ and $gW^{-}=W^{-}$ }.
$g\in G$
$HgL$ $=$
{ $g$ : $W^{+}\oplus W^{-}arrow V^{+}\oplus V^{-}$ $V^{+},$ $V^{-},$ $W^{+},$ $W^{-}$ }
$g=(\begin{array}{ll}A BC D\end{array})$
( $A,$ $B,$ $C,$ $D$ $pxr,pxs,$ $qxr,$ $q$ xs- )
$V^{-}$







( $A’,$ $B’,$ $C’,$ $D’$ $rxp,$ $sxp,$ $rxq,$ $sx$ q- )
$E=(\begin{array}{ll}A 00 D\end{array})$ , $F=(\begin{array}{ll}0 BC 0\end{array})$ ,
$E’=(\begin{array}{ll}A’ 00 D\end{array})$ , $F’=(\begin{array}{ll}0 C’B 0\end{array})$
$E’E+F’F=I_{n}$ , $E’F+F’E=0$ , $EE’+FF’=I_{n}$ , $EF’+FE’=0$ (2.1)
$\lambda\in F_{0}$ ($F$ center)
$E’E=(\begin{array}{ll}A’A 00 DD\end{array}):\dot{W}^{\pm}arrow W^{\pm}$





$EE’$ : $V^{\pm}arrow V^{\pm}$
$V^{\pm}=V_{1}^{\pm}\oplus V_{0}^{\pm}\oplus V_{reg}^{\pm}$
2 ( $(2.1)$ )
1 $f_{*}$ $f$









$W^{\pm}$ $=$ $W_{1}^{\pm}$ $\oplus$ $W_{0}^{\pm}$ $\oplus$ $W^{\pm}$
$F\downarrow|F’$ $F_{1}\downarrow|F_{1}’$ $F_{0}5\downarrow|\zeta F_{0}’$
$F_{reg}5\downarrow|JF_{reg}’reg$
$V^{\mp}$ $=$ $V_{1}^{\mp}$ $\oplus$ $V_{0}^{\mp}$ $\oplus$ $V_{reg}^{\mp}$




















akstring $\dim V_{j}$ $\# a$ $\# b$ $f^{N}v_{j}$ ( $N$ : even) $f^{N}v_{j}$ ( $N$ : odd)
ab $\cdots ba$ $2\ell-1$ $l$ $l-1$ $V_{a}$ $V_{b}$




nilpotent pair (2.6) ab-string “ab-diagram”
$g_{1}=E_{1}+F_{1}$ $W_{1}^{\pm}$ $V_{1}^{\pm}$
$E_{1}=(\begin{array}{ll}A_{1} 00 D_{1}\end{array})$





$g_{r}$ $\epsilon^{=E_{r\cdot g}+F_{reg}=}(\begin{array}{ll}A_{rcg} B_{r\epsilon g}C_{reg} D_{reg}\end{array})$
$V_{reg}^{-}$




$H\backslash G/L\cong u_{=0}$ { $GL(n_{r},$$F)’\min(p,q,r,*)n_{r}$ } $x$ {ad-diagram $U$ bc-diagram $|$
$\# a+\# b=p-n_{r},$ $\# c+\# d=q-n_{r},$ $\neq a+\neq c=r-n_{r},$ $\neq b+\neq d=s-n_{r}$ }
$\neq*$ diagram * $GL(n_{r}, F)’=\{g\in GL(n_{r}, F)|I_{n_{r}}-g\in$
$GL(n_{r},\cdot F)\}$
1 ([4]) $p\geq 2,$ $q\geq 2$ $s=1$
$\# b+\# d+n_{r}=s=1$
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$G$ H- 9 ( $\lambda\in$ IF $-\{0,1\},$ $H\backslash G/L$
$(F-\{0,1\})u8$ point)
type representative $g$ $n_{r}$ $ad$-diag. $bc$ -diag. codim.
$\lambda$ $(\begin{array}{llll}I_{p-1} 0 0 00 1 0 10 0 I_{q-l} 00 1 0 \lambda\end{array})$ 1 $(\begin{array}{l}a\vdots a\end{array})$ $(\begin{array}{l}c\vdots c\end{array})$ 1
$d$ $(\begin{array}{lll}I_{p} 0 00 I_{q-1} 00 0 1\end{array})$ $0$ $(\begin{array}{l}a\vdots ad\end{array})$ $(\begin{array}{l}c\vdots c\end{array})$ $2p$
$ad$ $(\begin{array}{llll}1 0 0 00 I_{p-1} 0 00 0 I_{q-1} 01 0 0 1\end{array})$ $0$ $(\begin{array}{l}ada\vdots a\end{array})$ $(\begin{array}{l}c\vdots c\end{array})$
$p$
$da$ $(\begin{array}{llll}1 0 0 10 I_{p-1} 0 00 0 I_{q-1} 00 0 0 1\end{array})$ $0$ $(\begin{array}{l}daa\vdots a\end{array})$ $(\begin{array}{l}c\vdots c\end{array})$
$p$
$ada$ $(\begin{array}{llll}I_{2} 0 0 N_{2,1}0 I_{p-2} 0 00 0 I_{q-1} 0N_{1,2} 0 0 1\end{array})$ $0$ $(\begin{array}{l}adaa\vdots a\end{array})$ $(\begin{array}{l}c\vdots c\end{array})$ 1
$b$ $(\begin{array}{lll}I_{p-1} 0 00 0 10 I_{q} 0\end{array})$ $0$ $(\begin{array}{l}a\vdots a\end{array})$ $(\begin{array}{l}bc\vdots c\end{array})$ $2q$
$bc$ $(\begin{array}{llll}I_{p-1} 0 0 00 0 0 10 1 0 10 .0 I_{q-1} 0\end{array})$ $0$ $(\begin{array}{l}a\vdots a\end{array})$ $(\begin{array}{l}bcc\vdotsc\end{array})$ $q$
$cb$ $(\begin{array}{llll}I_{p-1} 0 0 00 1 0 10 1 0 00 0 I_{q-1} 0\end{array})$ $0$ $(\begin{array}{l}a\vdots a\end{array})$ $(\begin{array}{l}cbc\vdots c\end{array})$ $q$
$cbc$ $(\begin{array}{llll}I_{p-1} 0 0 00 N_{1,2} 0 10 I_{2} 0 N_{2,1}0 0 I_{q-2} 0\end{array})$ $0$ $(\begin{array}{l}a\vdots a\end{array})$ $(\begin{array}{l}cbcc\vdots c\end{array})$ 1
$V^{+},$ $V^{-},$ $gW^{+},$ $gW^{-}$
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$\lambda$ ( $e_{p}F\oplus e_{n}F$ )
$d$ ( $e_{1}F\oplus e_{n}F$ )
$ad$ ( $e_{1}F\oplus e_{n}F$ )
$da$ ( $e_{1}F\oplus e_{n}F$ )
$ada$
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$b,$ $bc,$ $cb,$ $cbc$ type $a,$ $da,$ $ad,$ $ada$ $V^{+}$ $V^{-}$
3
$G$ involution $\tau$ $L=G^{\tau}$ $\psi$ : $Garrow G$
$\psi(x)=x\tau(x)^{-1}$ $\psi$ $G/Larrow\psi(G)$ $G$
$Q$
$\tilde{\psi}$ : $Q\backslash G/Larrow Q\backslash G/\tau(Q)$
2 $\tilde{\psi}$ fiber
. $x\in G$ $\tilde{\psi}$
$\{Qy_{-}L|\psi(y)\in Q\psi(x)\tau(Q)\}$




$Q_{x}^{\tau}=Q_{x}\cap\tau(Q_{x})$ and $(Q_{x}^{\tau})^{-}=\{w\in Q_{x}|\tau(w)=w^{-1}\}=\{w\in Q_{x}^{\tau}|\tau(w)=w^{-1}\}$
$R’=\{Q_{x}^{\tau}zL|\psi(z)\in(Q_{x}^{\tau})^{-}\}$ $R’arrow R$ $R’$
Galois cohomology $H^{1}(Q_{x}^{\tau}, \tau)=(Q_{x}^{\tau})^{-}/\sim$
$\sim$ $w\sim w’\Leftrightarrow w’=qw\tau(q)^{-1}$ for some $q\in Q_{x}^{\tau}$ Galois
cohomology ( $N$ $Q_{x}^{r}$ unipotent
radical $K$ $\tau$-stable $Q_{x}^{\tau}/N$
$H^{1}(Q_{x}^{\tau}, \tau)arrow H^{1}(Q_{x}^{\tau}/N, \tau)$ $H^{1}(K, \tau)\cong H^{1}(Q_{x}^{\tau}/N, \tau)_{\circ})$ q.e.d.
4 (c.f. [8], [14], [17], [18]) $G$ $P$ $P\backslash G/\tau(P)$ Bruhat
2 $P\backslash G/L$
$\sigma$ $\tau$ $G$ involution $H=G^{\sigma}$ 2
$\tilde{\psi}$ : $H\backslash G/Larrow H\backslash G/H$
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